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Abstract
This is a master thesis about how to be able to clean an open device during assembly
for the company of McNeil AB. McNeil AB is a company in Helsingborg, Sweden,
producing the Nicorette brand, which is a nicotine based product line which helps
people stop smoking. McNeil AB’s problem was that they had some contamination
in their mouth spray product and thus a solution for the cleaning of a vial in process
of production was requested. The production line in question handles both mouth
spray and nasal spray and the solution was first thought for the mouth spray. At a
later time it was implemented for both mouth spray and nasal spray but the main
priority was still for the mouth spray. The master thesis explains how the solution
developed through an inquiry to the Johnson & Johnson Engineering Network and
the use of the trial and error method with a test setup. In the beginning the test
setup was made of a vacuum outlet and rubber pipes. Later on it was possible
to develop the test setup with better equipment such as using both vacuum and
pressurized air, better connections, better pipes and a specially made dual pipe
designed by the authors. With this it got better results and became more accurate
to the final solution. As the test setup and solution was developed an understanding
for which components that were needed for the solution. Since the space is very
limited at the production line a rough 3D-model was made to be able to know what
kind of area limitations there are when installing the solution. Interviews with the
operators at the production line were also made to get information about how they
worked in that limited space at the filling line. As there was little or no space to be
able to place the solution a bending joint was thought for it, so that the operators
could be able to handle the solution easily and work around it. Very close to the
end there was enough time to build the prototype but not to implement it in the
production line. The most vital components have been tested with the prototype
and are working with good results.
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Chapter 1
Introduction
1.1 Background
The company McNeil AB, in Helsingborg, Sweden, is a part of the concern Johnson
& Johnson and they are in the pharmaceutical business and produce OTC (Over
The Counter) drugs. The OTC drugs that McNeil AB produces are nicotine based
products which are to be used to quit smoking. The products come in several
different forms like gum, inhalers and mouth sprays etc.
McNeil AB had announced a master thesis about ”In process cleaning of open
devices during assembly”. They had received a consumer complaint that there was
something wrong with the mouth spray, as the pump was not able to pump up any
liquid. The mouth spray’s main parts are the casing, the vial and the pump, 1.1.
When McNeil AB disassembled the mouth spray they discovered that there was
contamination inside the vial. After examining the vial with Near-infrared spec-
troscopy, the result of the analysis showed that the contamination was a type of
cellulose. Cellulose is an organic compound and is a structural component in wood
which is an important component for paper, this showed that the contamination was
corrugated paper. It was found that the corrugated paper came from the box which
the vials had been delivered in. Actions were taken immediately and the supplier
was asked to deliver the vials in double plastic bags in the delivery boxes. The oper-
ators at the mouth spray line was informed and asked to look for contamination, also
a six months stability study was performed to make sure McNeil AB got rid of this
problem. In this study McNeil AB found some corrugated paper inside the vials and
splinters of the vials lying inside the unopened plastic bag of vials. When producing
the mouth spray the filling line operators make an IPC (In Process Control). This
means they take a few samples out from the batch in the beginning, middle and end
of the batch to make sure that no unwanted particles are inside and that the mouth
spray look okay before getting assembled. During an IPC after the double plastic
bag and the stability study still some unwanted particles were found. To make sure
that a costumer never would get a mouth spray with unwanted particles inside an
”in process cleaning system” would be to prefer prior to filling at the filling line. The
filling line is commonly referred to Corvette, since it was the name of the project
at McNeil AB and therefore would the solution be called CCS (Corvette Cleaning
Solution). This issue with contamination inside the vials was the reason for doing
this thesis of ”In process cleaning of open devices during assembly” for McNeil AB.
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Figure 1.1: A picture of the mouth spray. On the right a full product of the mouth
spray also represents the casing. In the middle the mouth spray vial. On the left a
pump of the mouth spray.
1.2 Purpose and goal
The purpose of this master thesis was to achieve a solution of how to clean a vial in
the most optimum way. The goal for this thesis was to get a 100% clean product.
McNeil AB has to satisfy the requirements from the pharmaceutical industry. The
solution to be installed must not slow down the production line and also not be
a hindrance for the operators at the site. The solution must also follow the GMP
(Good Manufacturing Practice) requirements.
1.3 Literature study
When this master thesis started one of the first objectives were to look into other
companies and see how they handle the cleaning of vials and the visual inspection.
This was done to get an idea of how the problem could be solved and also not
to ”invent the wheel again”. Also a question was posted on Johnson & Johnsons
Engineering Network [1]. This is a network of all the Engineers in Johnson & Johnson
companies worldwide. From the Engineering Network about 10 different engineers
responded to the inquiry. All of them consisting of how to clean the vials and just
a few of how to do the visual inspection. The most useful answer came from an
engineer in South Korea. He suggested using some kind of dual pipe for the cleaning
process. This idea came to be very useful later on. For the understanding of the
fluid mechanics and what was happening inside the vial a study has been made
on the course literature of ”Fluid Mechanics” in LTH. An interview has also been
made with Associate Professor Christoffer Norberg, LTH, Lunds Tekniska Ho¨gskola,
Energy Science, Division of Heat Transfer [2], who gave some information about fluid
mechanics which means how to estimate flows and losses.
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Chapter 2
Specifications for Corvette
Cleaning Solution
2.1 Quality specification
Since McNeil AB is in the pharmaceutical industries they must have high standards
on every product. To be able to fulfill the standards of quality the company and
all of its employees follow the GMP standard [3] this is described more in detail
below. The company is also working by the Johnson & Johnson credo, which also
has been taken into consideration when doing this thesis. The credo describes how
the employees should work towards the shared goal of the company and that is to
show responsibility for the company, consumers, co-workers, shareholders and the
society. One part of the credo goes like this:
”We believe our first responsibility is to the doctors, nurses and patients, to mothers
and fathers and all others who use our products and services. In meeting their needs
everything we do must be of high quality.” [App. A]
This is in itself saying that high quality is indeed important for every aspect of
the company. That is also why this master thesis was founded, it is needed to fur-
ther improve the quality of their products. The reason to use the GMP standard
is because it is a requirement from authorities like the American FDA (Food and
Drug Administration) and La¨kemedelsverket in Sweden, to avoid injury to the users
of McNeil AB’s products. The GMP helps McNeil AB deliver the products with
high quality in terms of the amount of effect, strength, purity and identity. With
the identity it means that the right product goes with the right labelling on the box
so that there is no mix-up with the OTC drugs. This is done for the safety of the
users. The GMP standard is a set of rules which are divided into several groups
such as facilities, documentation, equipment, etc.
The production facilities are divided into zones and sluices and are best described
with the illustrations in figure 2.1. They are the clean zone, the sluice and the un-
clean zone. The clean zone is described by a production site where the OTC drugs
are produced and where it always should be clean, the employee’s needs to be on
the lookout for malfunctions and clean the environment often. The rules for how to
enter a clean zone from an unclean zone is as follows, a person needs to follow the
procedure of how to dress properly to avoid any kind of contamination. What to
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do first is to put on clean shoes or cover the shoes not to spread particles around.
Second is to put on a hair net and a beard net (if needed) and then the clean zone
overall. The overall protects the clean zone from contamination that could be on
the clothes. The last thing to do is to clean the hands with soap and disinfectant. If
some equipment needs to be taken into the clean zone then the equipment needs to
be visibly clean, if it is not visibly clean the equipment needs to be cleaned before it
is accepted into the clean zone. In the clean zone it is prohibited to wear jewellery
and make-up, use snus, eat food and chew gum. There is also, as the illustrations in
figure 2.1 shows, a sluice for materials that are going to be used in the production
zone. In the material sluice the transported materials are unloaded and the employ-
ees in the clean zone checks that it is clean and then takes it into the production
zone when needed.
As the solution of the master thesis is going to be implemented in the produc-
tion line, documentation such as validation, risk analysis, URS (User Requirements
Specification) and some changes in some of the SOP’s (Standard Operating Proce-
dure) are going to be made. The documentation is therefore an important aspect
of the master thesis. If something is not documented it is considered as it has not
happened. It is important that all of relevance is documented for a full traceabil-
ity for example changes in equipment, new installations, amount of products in a
batch etc. The most commonly used GMP documents at McNeil AB are SOP, pro-
duction documents (manufacturing regulations, packing regulations and protocols),
validation-/change control documents and logbooks. If there were to be faulty doc-
umentation for the production of a certain product, that product would not be able
to be delivered to the customers due to quality rule breaches.
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Figure 2.1: Personnel sluice and material sluice from unclean to clean zone. [4]
2.2 Technical and performance specification
To make sure that the solution would work with the existing filling machine an initial
technical and performance specification needed to be done. The solution needs at
least to fulfill these criteria:
• have at least the same speed as the filling machine (45 vials/min) and handle
two vials per stroke
• implement before the filling occurs
• the operators must be able to do the format change, so the solution can not
block or hinder them
• clean at least 95% of the vials
• follow GMP regulations
• not change or effect the product in any way.
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Chapter 3
Method for cleaning and
inspection of the vials
3.1 Cleaning
The first thing that was suggested for the system was the use of pressurized air. The
demand for the cleaning were that the vial should not be touched nor to be washed.
Water is a medium in which bacteria can grow which excludes it as an option. If
it was done with water there would have to be a station where the vials would be
dried. This takes a lot of space and for that reason it is not implementable. The
space is very limited. If the vials were to be touched by parts of the solution, the
solution would need to be cleaned by the operators after every batch.
3.1.1 Pressurized air
The use of pressurized air as a cleaning system would have been a great way to
dispose the contamination. Since it is very easy to blow away the contamination
with high pressure. The pipe could have been very small, for example 2 mm in
diameter, and be placed in the side of the opening so the size of the contamination
could be bigger. As there is a higher risk that the contamination would be blown to
other parts of the production line, therefore it is not a good solution. There were
ideas to isolate the contamination that were blown away to a specific area. This
would be very hard to implement at the filling line since there is limited space to
work with. After a meeting with Lars Levin [5], Quality Control Lab of McNeil
AB, he recommended to not use pressurized air in the production. Because of the
spreading of the contamination and the recommendation it was an better idea to
use vacuum instead.
3.1.2 Vacuum
The idea of cleaning with compressed air also gave the idea to clean with vacuum.
Vacuum is the inverse of compressed air. While compressed air is represented by
a positive bar scale, the vacuum uses pressure below atmospheric pressure which
is represented by a negative bar scale. With the use of vacuum in the operating
system, with the suction of the vacuum system the particles would be transported
into the vacuum system and needs to be filtered out. For the vacuum system that
is to be implemented there is going to be a vacuum generator, see figure 5.11, used
from FESTO which is a company specializing in pneumatics. The vacuum generator
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was necessary to create the vacuum from pressurized air, since there is only a supply
of pressurized air available at the production line. When the particles gets into the
vacuum system a vacuum filter would be there to sort them out of the air. This
filter needs to be checked and changed from time to time because when the filter gets
filled with contamination the pressure loss increases over the filter. The filter also
needs to be positioned horizontally so that the particles do not fall back out. There
are also going to be pressure sensors that are supposed to check that the pressure
is kept in an accepted interval and that nothing clogs the entrance to the vacuum
system.
3.2 Visual inspection
A visual inspection system after the cleaning had been made, was a low priority
request from McNeil AB that is included in the master thesis to look into which this
chapter describes. The visual inspection should in some way make sure that there
is no contamination present in the vials.
• One of the first ideas was the use of a visual system that had a camera and used
image analysis for evaluation. This was supposed to take a photo through the
opening of the vials to get a view of the bottom and then use image analysis to
see if there was some kind of contamination. Photos of the inside of a vial were
taken and it showed a lot of reflection on the vial walls. Also in the bottom
there is the welding point which gives a milky colour and a bump, this can
be seen in figure 3.1. It would be easy to spot the contamination if it were
corrugated paper but if it were to be a plastic splinter it would be very hard
to spot since it would have the same colour as the vial. Because the plastic
splinter would be hard to detect the solution would not be good. Also it would
only check the bottom of the vial and not if contamination is stuck on the top
inside the vial.
Figure 3.1: Photo inside a vial with a plastic particle close to the milky coloured
bump at the bottom.
• An idea with an array of photo sensors could be put inside the vial while a
laser scans 360 degrees around the vial, see illustration in figure 3.2. This type
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of vision system could then measure the lights energy to detect a difference in
intensity, while the contamination would block out or scatter the energy, to
determine if there was a contamination or not. Another use of this method is
to scan through the vial with laser and use a detection on the other side in
some way with photo sensors, see illustration in figure 3.2. Both of the methods
would still have a problem looking at the opening at the top and at the bottom
of the vial. With the array method described above it has no sighting of the
top and bottom and for the laser scan method it is too thick of plastic and
too many edges in the design at the top of the vial. An interview regarding
visual inspection of the vial was done with Professor Stefan Andersson-Engels,
LU, Lunds University, Department of Physics, Atomic Physics Division [6],
he said that the design of the vials was not optimal for a scan with a light
scattering method because of the design the light would be reflected in almost
every possible direction. This would make it to hard to detect if there were
any contamination or not but that it would probably be the best method to
use.
Figure 3.2: Illustrations of the visual inspection methods. On the right: Vial with
an array of photo sensors. On the left: Vial with scan through onto a detection
screen.
• An interview with Lars Levin [5] was made after reading the report of the
consumer complaint and the follow up reports where it said that they had
used spectroscopy to analyse what type of contamination there were in the
vials. This would be a good method to use for identification of the corroded
paper but not for the plastic splinters because it is of the same material as
the vials. Professor Stefan Andersson-Engels [6] also said that spectroscopy
is expensive and time consuming. It would probably not be a problem for a
big company as McNeil AB to purchase a spectroscopy machine but it would
be too much for this purpose. Also the time would be a bit of an issue as it
would be better to know if there was contamination before filling, as it saves
one fill of a vial of the liquid, but it could be manageable after filling to get
more time, while it is more important that there is no faulty products than
save a fill. While this method is primarily used for laboratory examinations
it is a separate machine which scans the object to determine what kind of
components there are, this means to be able to implement this method into
13
the production line it would take up space at the filling line which it does not
have.
As none of the methods described above was a good way to inspect the vials,
further investigations for a visual inspection implementation was not continued.
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Chapter 4
Fluid mechanics
4.1 Theory
To get some kind of idea how the system behaves or perhaps what kind of losses it
has, fluid mechanics were used as a tool to determine the behaviours and the losses
of the system. To get the information needed about fluid mechanics two books were
studied. For the subsections 4.1.1 and 4.1.2 the book Fluid Mechanics 7th edition
by Frank White [8] was used and for the subsection 4.1.3 the book Fundamentals
of Fluid Mechanic 5th edition by Munson. Bruce. R, Young. Donald. F, Okiishi,
Theodore. H [10] was used.
4.1.1 Reynolds number and hydraulic diameter
To be able to know what flow rates and pressure losses the system gets it is needed
to know the properties of fluid mechanics. The system uses air as a medium and
while air is a gas the flow of the gas would easily become turbulent. To see if a gas or
liquid has a turbulent or a laminar flow it is needed to calculate Reynolds number.
Reynolds number is a dimensionless number which measures the viscous behaviour
of Newtonian fluids. Reynolds number is given by equation 4.1:
Re =
ρ ∗ u ∗Dh
µ
(4.1)
where ρ is the density of the fluid [kg/m3], u is the mean velocity [m/s], Dh
is the hydraulic diameter [m] of the pipe and µ is the dynamic viscosity [kg/ms2]
of the fluid. Low Reynolds numbers indicates a laminar flow while high Reynolds
numbers indicates a turbulent flow. The boundary which decides whether it is lam-
inar or turbulent flow is given in a transition range between 2000 < Re < 4000
depending on the geometry. For commercial pipes the critical transition number is
Recrit = 2300.
The hydraulic diameter is an approximation of a circular diameter for non-
circular geometries. The hydraulic diameters for the circular pipe and the annulus
pipe are given by equation 4.2:
Dh =
4 ∗A
Pwet
(4.2)
where A is the area [m2] of the pipe and Pwet is the wetted area [m] that is all
the surfaces that is in contact with the medium. For a circular pipe this is:
15
Dh = d (4.3)
For an annulus pipe it is:
Dh =
4 ∗ pi ∗ (D2o −D2i )
2 ∗ pi ∗ (Do +Di) = 2 ∗ (Do −Di) (4.4)
where Do is the diameter [m] of the outer pipe and Di is the diameter [m] of the
inner pipe.
4.1.2 Head losses
Head loss, hL, is the dissipated energy due to friction. This is an important variable
in a turbulent flow, with higher Reynolds numbers comes greater losses in the sys-
tem. Usually a pipe system consists of pipes with different parameters and different
components which give various amounts of losses to the system. These are divided
into the major losses, hLmajor , and the minor losses, hLminor . The major losses are
made up by the friction in the length of the pipe and the minor losses are made up
by components such as valves and elbows etc. The overall head loss is then summed
together:
hL = hLmajor + hLminor (4.5)
The head loss designations of ”major” and ”minor” does not imply that the
hLmajor always is greater than hLminor . There could be pipe systems with short
length pipes and many turns or a partially closed valve which can give hLminor a
greater value than hLmajor . To calculate the major head loss the equation to be used
is the Darcy-Weisbach equation 4.6:
hLmajor = f ∗
L
Dh
∗ u
2
2 ∗ g (4.6)
where L is the length [m] of the pipe, g is the gravity acceleration [m/s2] and
f is a dimensionless coefficient called the Darcy friction factor. The Darcy friction
factor is not constant and is calculated with the variables Re, /Dh and shape of
the pipe. This could either be read from the Moody chart, figure 4.1 or calculated
with the Colebrook equation 4.7:
1√
f
= −2 ∗ log10 (
/Dh
3.7
+
2.51
(Re ∗ √f)) (4.7)
where  is the roughness value [m]. The Colebrook equation is functional for
Re > 4000, which is what Moody plotted in the Moody chart for non-laminar
flows. The Moody chart is of favourable use because to get the friction factor from
the Colebrook equation it is needed to use some kind of iterative function. In some
cases it is easier to use another formula given by Haaland, it is an alternative explicit
formula 4.8:
1√
f
= −1.8 ∗ log10 (
6.9
Re
+ (
/Dh
3.7
)1.11) (4.8)
The roughness value, , is given by table 4.1 and these are recommended values
for new materials, as older materials give a higher roughness due to corrosion or
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scale build-up. The pressure drop could be calculated over the length of a pipe with
equation 4.9:
∆p = ρ ∗ g ∗ hLmajor (4.9)
Figure 4.1: The Moody chart for pipe friction with smooth and rough walls. Left
side of the chart is for the friction factor f, bottom is Reynolds number Re and the
right side is the relative roughness /d. [7]
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Table 4.1: Roughness values for different materials. [8]
For the minor head loss it is most common to specify the loss coefficient:
∆p = ρ ∗ g ∗ hLmajor (4.10)
From this the pressure drop is:
∆p =
1
2
∗K ∗ ρ ∗ u2 (4.11)
Every component has its own resistance coefficient, K, see table 4.2. The data
in table 4.2 is relatively old therefore for newer components the resistance would be
in most cases lower than in table 4.2. Every bend and curve gets more losses than
a straight pipe, due to a swirling effect that emerges with the centripetal force and
because of flow separation against the walls for the elbow. Figure 4.2 shows how the
elbow is dependent on the radius of the curve and the diameter of the pipe. From
figure 4.2 you could read what the resistance factor K should be at Re ≈ 200.000.
The graph was interpolated from an expression made by H. Ito [9]. The expression
mentioned below is made by empirical data for 90 degree curves:
K ≈ 0.388 ∗ α ∗ (R
d
)0.84 ∗Re−0.17, α = 0.95 + 4.42 ∗ (R
d
)−1.96 ≥ 1 (4.12)
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Figure 4.2: Shows the resistance coefficients K for the R/d ratio for smooth walled
curves 180, 90 and 45 degrees, at Re 200,000. After Ito’s experimental expres-
sions 4.12. [9]
If the pipe were to change in diameter there are two types of losses. One is
sudden expansion, KSE , and the other is sudden contraction, KSC . These two have
a relation to the sharp entrance and exit losses. As seen in Figure KSC shows how
K changes with the diameter. For big change in diameter KSC equals the K of sharp
entrances. KSC is given by equation 4.13:
KSC =
hL
u22/(2 ∗ g)
(4.13)
For big changes in diameter KSE begins at one as the sharp exit, this can be
seen in figure 4.3. KSE is given by equation 4.14:
KSE =
hL
u21/(2 ∗ g)
(4.14)
These two equations are functions of the ratio between inlet outlet diameter,
figure 4.3 shows both KSC and KSE .To calculate the shear stress on the wall, τw,
for the system there is equation 4.15:
τw =
∆ptotal ∗ d
4 ∗ L (4.15)
By combining equations 4.6 and 4.11 then ∆ptotal is the sum of all the losses in
the system 4.16:
∆ptotal =
∑
i
fi ∗ Li
DHi
∗ ρ ∗ u
2
i
2
+
∑
j
Kj ∗
ρ ∗ u2j
2
(4.16)
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Figure 4.3: The resistance coefficients for expansions and contractions. [8]
Table 4.2: Resistance coefficients for open valves, elbows and tees. [8]
4.1.3 Turbulent velocity profile
For a fully developed turbulent flow profile there are three regions in the pipe that
are important to know. The first region is very close to the wall of the pipe and is
called the viscous sub layer. This layer is a very thin layer and here dominates the
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viscous shear stress. For the viscous sub layer there is an expression 4.17 for the
dimensionless velocity profile:
u¯/u∗ =
y ∗ u∗
ν
(4.17)
where y = R−r is the distance [m] measured from the wall, u¯ is the time-averaged
velocity [m/s], u∗ = (τw/ρ)1/2 is the friction velocity [m/s] and ν is the kinematic
viscosity [m2/s] of the fluid. The second region is the overlap layer which is the
layer between the viscous sub layer and the outer layer. Here both the viscous shear
stress and the turbulent shear stress are equally important. The agreed expression
for this layer is called the logarithmic overlap layer 4.18:
u¯/u∗ = 2.5 ∗ ln(y ∗ u
∗
ν
) + 5.0 (4.18)
where the constants 2.5 and 5.0 are experimentally calculated values. The third
region is the outer layer, here dominates the turbulent shear stress. For this region
there are two expressions the first one is equation 4.19:
uc − u¯
u∗
= 2.5 ∗ ln(R
y
) (4.19)
where uc is the centerline velocity of the turbulent flow profile. The other is
empirical power-law velocity profile 4.20:
u¯
uc
= (1− r
R
)(1/n) (4.20)
where n is a function of Reynolds number, which can be seen in figure 4.4.
Figure 4.4: Exponent, n, for power-law velocity profiles. [10]
The power-law representation is more often used as it is easier to calculate. To
get a relation between the time-averaged velocity, u¯, and the centreline velocity, uc,
by integration of the power-law velocity profile:
Q = A ∗ u =
∫
u¯ ∗ dA = uc
∫ r=R
r=0
(1− r
R
)(1/n)(2 ∗ pi ∗ r) (4.21)
This is integrated into:
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Q = 2 ∗ pi ∗R2 ∗ uc ∗ n
2
(n+ 1) ∗ (2 ∗ n+ 1) (4.22)
With Q = A ∗ u = (2 ∗ pi ∗R2) ∗ u gives the relation
u
uc
=
2 ∗ n2
(n+ 1) ∗ (2 ∗ n+ 1) ⇒ uc =
(n+ 1) ∗ (2 ∗ n+ 1)
2 ∗ n2 ∗ u (4.23)
u(r) = (1− r
R
)1/n, u(r)r=0 = uc, 7 ≤ n ≤ 9 (4.24)
4.2 Calculations of the systems
To get some of information to the system from the test setup calculations of the test
setup was made. The sought information was what kind of velocities, flow rates and
pressures there were in the test setup and how it could be applied to the solution.
Then the solution could be calibrated to work as the test setup worked for the tests
that have been made. The test setup is divided into two parts and both of them
are heavily approximated as it is only to see what kind of values are to be expected
of the real system. The first part the vacuum and the second is the pressurized air.
For the vacuum system the unknowns are flow, velocities and losses of pressure in
the pipes. To be able to calculate these some facts needs to be defined first:
• g = 9.81m2/s is the gravity constant
• ρ = 1.01kg/m3 is the density for air
• ν = 1.51 ∗ 10−5m2/s is the kinetic viscosity for air
• µ = 1.8 ∗ 10−5Pa ∗ s is the dynamic viscosity for air
The roughness value, , for the rubber pipe is 0.01 m and for the metal pipe,
which is stainless steel, it is 0.02 m, as can be seen in table 4.1 above. Then there
are other parameters that are different between the vacuum- and the pressurized
air systems. For the vacuum system the length of the rubber pipe is 1.105 m and
the length of the metal pipe is 0.295 m, the hydraulic diameter is approximated
with the mean value of the entire length of the system to 9.8 mm. The pressure
at one point was -0.35 bar and the pressure at the open end the pressure is the
atmospheric pressure of 1.01 bar. What it means is that the first pressure is at
0.35 bar lower than the atmospheric pressure, thus the pressure at that point is 65
bar. The minor losses are only an entrance loss, K = 0.8, and a small bend loss
of a 45 degree bend, K = 0.2, which gives a total K = 1. With Re = ρ ∗ V ∗ d/µ
and V = V0/
√
f ∗ Ld + 1.8 where V0 is V0 =
√
2 ∗∆p/ρ and the use of Haalands
explicit formula 4.8 the velocity and flows in the pipe can be calculated iteratively,
V0 = 263.3m/s, L/d=142.9. Through iterations V = 116.6 m/s with f = 0.02306
which gives the flow Q = 8.8 l/s.
For the pressurized air the length is measured from the valve which regulates
the pressure and the lengths are 0.3 m rubber pipe and 0.25 m metal pipe and 0.12
m annulus metal pipe. The hydraulic diameters are 0.004 m, 0.006 m and 0.009
m. The flow was measured to be 1487 l/h which is 0.4131 l/s and that gives Q =
0.0004131m3/s. Since there only is one way for the air to move the flow should be the
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same all the way and therefore the velocities are different depending on the diameter
of the pipe. The velocities are 32.87, 14.61 and 18.78 m/s respectively for the pipes.
From this Reynolds number is calculated from equation 4.1 for the different pipes
Re=8706, Re=5804 and Re=2487 which gives that they are all turbulent, the last
number is in the transition zone but it is turbulent. From that the value for f
can be decided from either using the moody chart see figure 4.1 or by calculating
equation 4.7. With the values calculated so far the major head losses values can be
calculated with equation 4.6. The minor losses are calculated with the expansion
equation 4.11 or by checking figure 4.3 and adding an exit loss also. The expansion
between the rubber pipe to the metal pipe K is 0.3086, between the metal pipe and
annulus pipe K is 0.1914 and the exit K is always 1. By using equation 4.16 that
would give the total pressure drop 2.343 kPa which is not a significant number.
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Chapter 5
Equipment
5.1 Test equipment
The test setup’s equipment changed after each test phase to get better accuracy.
The room where the tests were made in had both a vacuum outlet and a pressurized
air outlet. The vacuum outlet had −1 bar in the main system and the pressurized
air outlet had 6 bar in that main system.
Vials for both the ONS and the NNS are used in the tests, see figure 5.1. For
the ONS the height of the vial is 71 mm and the opening diameter is 9 mm. For the
NNS the height of the vial is 44 mm and the opening diameter is 13 mm.
Figure 5.1: ONS and NNS vials.
As an approximation to the contamination small bits of corrugated paper and
cut plastic pieces from vials were used. These particles varied a lot in sizes depending
on the tests. The size for the bigger plastic pieces was 2 x 4 mm and the size for the
bigger corrugated paper was 5 x 5 mm. See figures 5.2 and 5.3 below.
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Figure 5.2: Big plastic pieces used in test.
Figure 5.3: Big pieces of corrugated paper used in test.
The size for smaller plastic pieces was 1 x 2 mm, see figure 5.4, and the size for
the corrugated paper was 1 x 4 mm, see figure 5.5.
Figure 5.4: Plastic pieces used in test of dual pipe.
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Figure 5.5: Corrugated paper used in test of dual pipe.
5.1.1 Initial testing
In the initial testing the equipment used at first was pressurized air, the pressure is
not known since this was done manually, and rubber tubes with outer diameters 6
and 8.
Later it was decided to go with vacuum with pressures ranged from -20 − -60
kPa. For better stability a spare part from the production at the filling line was
used, the spare part was a filling needle which is made in steel and has an inner
diameter of 5 mm. For dimensions of the filling needle see table 5.1. There was also
some steel pipes acquired from the workshop at McNeil but only one of them had
dimensions that was good enough to be tested with, see table 5.1. The use of some
other types of pipes were from the Quality Control laboratory, the pipette and the
hard plastic tube also seen in table 5.1.
Table 5.1: Dimensions of the pipes that was used initially
5.1.2 Decision of vacuum pressure and how deep the pipe should
go inside the vial
For this test setup vacuum was used with the pressure range of -20 − -45 kPa.
Three new steel pipes was ordered from G. Kinnvall AB and used in section 6.3.
The dimensions for the three pipes can be seen in table 5.2.
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Table 5.2: Dimensions of the pipes that has been used.
5.1.3 Testing single pipe vs. dual pipe
The vacuum pressure was set to -35 kPa and the pressurized air was set to about
10 kPa, this was regulated with a pressure valve from the 6 bar in the main system.
The use of pipe 2 in table 5.2 as the single pipe which only used vacuum. The dual
pipe used both vacuum and pressurized air and this dual pipe is described more in
section 6.4. The test setup for the dual pipe can be seen in figure 5.6.
Figure 5.6: The test setup with dual pipe.
The testing done for the next two subsections 6.5 and 6.6 has the same arrange-
ment with the equipment of the dual pipe.
5.1.4 Test of prototype
For this setup a frame was built at the McNeil AB’s workshop with the different
products described in section 5.2 attached to it. The setup of the prototype can be
seen in figure 5.7.
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Figure 5.7: The test setup of the prototype.
5.1.5 Measurement of airflow profile inside a ONS vial
In this section pressurized air was used, with the pressure of 7 bar. To get the
vacuum needed a vacuum generator was used, see section 5.2.1. Two filters were
used, one to protect the vacuum generator from dust coming from the pressurized
air system and the second was used to catch any particles that would get into the
vacuum system with the vacuum created. To get the smoke needed for the airflow
profile smoke matches were used inside vials. To be able to record the airflow a high
speed camera was used.
5.2 The Corvette Cleaning Solution
To determine which equipment that was needed a few hours of Internet searching
at the homepage of Logicsystem AB and FESTO was necessary. Specifically why
these two companies were in discussion for buying equipment was because they were
acknowledged suppliers at McNeil AB. After getting some information a visit was
made to Logicsystem AB. The visit was to give some more in depth explanation of
the different products that were needed and if some products were not accounted
for. The person that was interviewed was Anders Helander [11]. After a brief
explanation of the project at McNeil AB he recommended some products that could
be chosen from. The equipment that was needed for the project was a cylinder,
filters, pressure sensors, cylinder placement sensors, directional control valve and a
vacuum generator. The equipment that was decided on and needed was bought from
Logicsystem AB in Helsingborg and the vacuum generator was bought from FESTO
in Malmo¨. In the following sections there is an explanation of which products that
were bought and how they function.
5.2.1 The vacuum generator - OVEM
The vacuum generator OVEM from FESTO, see figure 5.11, uses pressurized air
to create a negative pressure. This is done by using the Venturi principle, this is
explained a bit more later on in ”The venturi principle”. The working interval for
the compressed air for this product is between 2 − 8 bars and that gives an output
interval of -1 − 0 bar in pressure, the relation between input and output can be seen
in figure 5.8.
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Figure 5.8: Vacuum pu as a function of operating pressure p1. [12]
The vacuum generator that was chosen was the OVEM-14-L-B-QS-CN-N-2P,
which has the highest suction rate of the vacuum generators from FESTO. Since the
solution is using one generator for both pipes the pu should be around 0.8−0.9 bar
this would mean that p1 would be around 5.5−6.5 bar.
Figure 5.9: Air consumption qn as a function of operating pressure p1. [12]
With a pressure p1 around 5.5−6.5 bar air consumption qn would be around 115
l/min, see figure 5.9.
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According to the data sheet of the vacuum generator [12], the suction at 6 bar would
be 88.7 l/min. Since the suction time is 2 seconds and the vacuum generator is doing
two vials at a time, the suction for each cleaning of a vial would be 1.47 litres, which
is about 99 times the volume for an ONS vial.
Figure 5.10: Evacuation time t as a function of vacuum pu for 1 l volume at 6 bar
operating pressure. [12]
Since the OVEM has a rise time of 0.9−1.1 seconds it has been decided that the
OVEM would always be on, see figure 5.10. The first thought was to switch it on
and off to save some air but since it takes too long time for it to reach the pressure
that was wanted, so this idea was skipped.
The OVEM has also a built in pressure guard which makes it possible to always
monitor the pressure. If something would get stuck in the pipes the pressure would
increase in the OVEM and then a signal would be sent to the PLC (Programmable
Logic Controller) and then the main system would be alerted.
This device cannot be operated with a lubricated medium. The reason for this is
if contamination or dust particles would get into the vacuum generator these could
stick to the walls of the suction nozzle and this impairs the suction performance.
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Figure 5.11: The OVEM vacuum generator. [12]
The Venturi principle
The Venturi principle uses a Venturi nozzle, see figure 5.12, which is supplied from
the inlet port (1) in the beginning by pressurized air and the nozzle contracts which
increase the air flow through the nozzle. When the air leaves the nozzle the air
expands again and flows through the receiver nozzle. With the contraction and
expansion a pressure drop is created. With this pressure drop a negative pressure
is created in a space between the Venturi nozzle and the receiver nozzle, this is how
vacuum is created. This causes the air to flow in from the vacuum port (2), both
the vacuum and the pressurized air is going out through the silencer which is the
outlet port (3). [13]
Figure 5.12: An overview of the Venturi principle. [13]
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5.2.2 The vacuum filter - VFI
A vacuum filter, figure 5.13, is needed to be able to catch all the particles that gets
into the vacuum part of the CCS. The article number is R412010113 and in the data
sheet [14] all parameters and graphs are presented. The graph in figure 5.14 shows
that the solution would have a pressure drop of 4 kPa due to the flow of 44.35 l/min
through the VFI 8/6 filter. The filter should be easy to replace when it has some
contamination in it and it should be checked every now and then so that the flow
rate from the vacuum generator is not disturbed from a clogged filter.
Figure 5.13: The vacuum filter VFI 8/6. [14]
Figure 5.14: The relation between the flow and pressure drop. [14]
5.2.3 The cylinder - CCI
The CCI cylinder is a double acting cylinder with a magnetic piston, see figure 5.15.
Double acting means that it uses pressurized air in both ways, which means it uses
pressurized air to its end position and back to its original position. While a single
acting cylinder might have a coil which sends it back to its original position. With
a magnetic piston it is easier to detect the pistons position with magnetic sensors.
This product is needed in the system to get the dual pipes in position for cleaning
the vials, see figure 7.4. In the data sheet of the CCI cylinder [15] all the data is
stated. For this product the article number is R422001332, which is a cylinder with
a 16 mm piston and with a 50 mm stroke.
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Figure 5.15: The CCI cylinder. [15]
5.2.4 The CCI placement sensors - ST6
The sensor ST6, see figure 5.16, can determine where the piston is in the CCI
cylinder. It detects the piston through a magnetic field generated from the piston.
With a sensor attached at the top and bottom of the cylinder it can sense whether
it is in its original position or at maximum stroke length. This is important to be
able to determine if the inner pipe of the dual pipe has gotten stuck on the edge of
the opening of a vial. It is also a check to see if the cylinder is working correctly.
The article number for this product is 0830100632.
Figure 5.16: The magnetic sensor ST6. [16]
5.2.5 The pressure sensor - PE5
While the OVEM has a built in pressure sensor it is not enough when the vacuum
splits in two lines. Two pressure sensors would be needed to determine if the pressure
is too high or less than it should be. It is also important to determine which line it is
that has gone bad, whether it is the filter that needs to be changed or if it is a large
contamination particle. The PE5, see figure 5.17, has three different functions, the
hysteresis function, the delayed hysteresis function and the window function. These
functions can be studied in the data sheet [17]. The best function to use for pressure
sensing for the CCS is the window function. That function gives a signal when the
pressure is between specific thresholds, a low and a high pressure threshold. The
switching time between a high and low signal for the sensor is less than 5 ms. This
gives a fast response to the PLC if there were something that would have gone
wrong. The article number for this product is R412010164.
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Figure 5.17: The pressure sensor PE5. [17]
5.2.6 The 5/2-way valve - CD04
The 5/2-way valve, see figure 5.18, is needed to control the pressurized air for the
cylinder. With a 5/2-way valve means that there is one input, two exhaust ports
and two outputs. It is controlled by an electrical signal which decides when to switch
between the two outputs. When the cylinder is pushed down and the valve switches
over then the cylinder can be pushed back up to its original position. The article
number for this product is 5777050220.
Figure 5.18: The 5/2-way valve CD04. [18]
5.2.7 The dual pipe
The dual pipe was explained a bit before but it is here that it would be described
and designed. The dual pipe is a solution from the South Korean engineer whom
was from the Engineering Network [1]. What he proposed was that the inner pipe
would blow air and move the particles around while the outer pipe would do the
suction of the particles. This was tried out a bit but it was discovered through the
testing that the particles could get stuck in the intersection between the two pipes
and fall back out into the open. This is not a wanted outcome. The solution was to
do it the other way around and have vacuum in the inner pipe and pressurized air
in the outer pipe. With this setup there is only a straight pipe and the filter for the
particles to travel through. How the parameters for the pipes are decided upon is
described in section 6.2 and the pipe in design can be seen in figure 5.19.
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Figure 5.19: The dual pipe in Google SketchUp. [19]
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Chapter 6
Testing
6.1 Introduction to testing
To be able to determine what pressure to use and how deep inside the vial the pipe
need to go and if it is better to use only vacuum or vacuum and pressurized air
some extensive testing needed to be done. To decide what pressure that should be
used it is important to know what component could produce vacuum and at what
pressure it has and how much flow of vacuum it could generate. Since the design
of the vial is quite complex there is no rule to apply for what pressure or how deep
inside the pipe should go, so this had to be tried out. The only thing that would
be preferable is if the solution could use the same pipes for both ONS (Oromucosal
Nicotine Spray) and NNS (Nasal Nicotine Spray). The NNS vial is 4.4 cm high and
the ONS is 7.1 cm high, so the testing for how deep the pipe should go would be
between 1-3 cm.
6.2 Initial testing
The initial testing was done with the tubes McNeil AB had on site, for the tubes
diameters see section 5.1.1. As contamination bits of plastics and corrugated paper
were used, see section 5.1. Why these were used was because of the reports of the
consumer complaints and the follow up reports had plastics and corrugated paper
as contamination, this is described in section 1.1. There was no good way to say
for sure how the air streams would flow from a curved plastic tube so something
that was stiff and straight was needed. A filling needle from the production line was
spared for the testing which gave a more precise way to use the pressurized air, for
dimensions see section 5.1.1. The tests showed that pressurized air was a good way
to clean the vial but as mentioned in section 3.1.1 the contamination were blown
away and scattered all over the place which was not acceptable. Then the vacuum
testing began with the pipes. These proved to be too thick or too thin to be used
with vacuum. With the filling needle it worked well except that it was a bit too
small. After asking around at McNeil AB some new materials from the Quality
Control laboratory were acquired which were a pipette and a hard plastic tube, they
had better dimensions than the rough plastic tubes in the beginning and a bit larger
than the filling needle, see table 5.1 in section 5.1.1. Every test that was made with
these tubes and the needle that were in possession would only give the approximate
tube dimensions that were needed to perform the optimal cleaning procedure. From
these results three new steel pipes were ordered from a company called G. Kinnvall
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AB, for dimensions see table 5.2 in section 5.1.2.
6.3 Decision of vacuum pressure and how deep the pipe
should go inside the vial
Previous tests have shown that the cleaning result becomes better if the pipe is not
all the way down in the vial. With this in mind it was decided to try 2 cm and 3 cm
down in the vial. 1 cm was not tried out since earlier tries with this depth showed
that cleaning of the vials was not possible. Since the pipe was not deep enough in
the vial, it was not able to clean any contamination. The vacuum could not get
hold off the contamination if it was lying on the bottom of the ONS vial. For the
pressure range it was decided that somewhere between -20 kPa and -45 kPa would
be a good value. This is due to if the pressure is too high there would be too much
turbulence in the vial and then the suction of the particles would not work at all.
If the pressure is too low the particles would not be affected by the vacuum and
therefore they would stay in the vial. For every pressure and every depth a suction
of 20 vials were performed.
6.3.1 Method
When doing the tests the pipe was held still by a holder and the vials were moved
up and down manually. Before the suction the vials were prepared with one piece
of corrugated paper and one piece of plastic from an ONS vial. The pipes that G.
Kinnvall AB had delivered, only pipe 1 and 2 were used since pipe 3 had a too small
diameter, see table 5.2 in section 5.1.2. The diameter of the opening in the ONS vial
is 9 mm so it would be preferable to use a pipe that had as thin walls as possible and
also were a 1-3 mm smaller diameter than the opening of the ONS. This is because
the cleaning system is going to be used in the production line and the opening of the
vials does not have the exact same position every time, therefore a 1-3 mm margin
would be preferable. The thin walls would be preferable since then there would be
a larger area where the vacuum is (dark grey area in figure 6.1) or a larger margin
(light grey area in figure 6.1) to the opening of the ONS vials. The opening of the
NNS vial is 14 mm so the main concern is the ONS vial.
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Figure 6.1: Schematic sketch of the ONS vial and the pipe. The dark grey represents
the area where the vacuum is, the light grey represents the area of the margin and
the black is the thickness of the steel for the pipe.
6.3.2 Result and discussion
The result of the tests is presented in table 6.1 and table 6.2. An error of a test is
defined as if there were one or two particles left inside the vial after suction.
Table 6.1: Number of errors for each pressure.
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Table 6.2: The success rate for each type of vial depending on depth. Both pipe 1
and 2 included.
The results shown in table 6.1 that pipe 1 and pipe 2 are approximately equally
good around -30 to -40 kPa, but since pipe 2 has a smaller diameter than pipe 1,
a decision was made to go with pipe 2. Pipe 2 got best result when the pressure
was -30 kPa and -35 kPa. Since the vacuum generator is more in the middle of its
working area at -35 kPa then -30 kPa, so for this reason it was better to use -35 kPa.
It was also shown in table 6.2 that putting the pipe 3 cm down in the vial was more
effective than putting it 2 cm down. So for this reason 3 cm is going to be used. So
in conclusion this test gave a good overview of what would be the optimum solution
for suction for both NNS and ONS vials.
6.4 Testing of single pipe vs. dual pipe
Figure 6.2: Illustrations of the airflow when using single pipe and the dual pipe.
6.4.1 Method
The pipe was placed in a holder and the vials were moved up and down by hand.
On the single pipe the vacuum was set to -35 kPa and on the dual pipe the vacuum
was to the same and the pressurized air was 10 kPa. To get the time somewhat
right a metronome was used. The beat of the metronome was 120 bpm. The goal
was to do suction for 1.5 seconds (3 beats) and then 0.5 seconds (1 beat) for moving
the vial up to its right position (3 cm) and then 0.5 seconds (1 beat) for moving
the vial down from the pipe. Two measurement series per pipe were performed, one
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for ONS and one for NNS. Each measurement series contained suction of 100 vials.
Before the suctions were performed each ONS vial had been prepared with one piece
of corrugated paper and one piece of plastic. Each NNS vial was prepared with one
piece of corrugated paper and one piece of plastic from the packing of the NNS vials.
6.4.2 Result and discussion
Table 6.3: Success rate of single pipe and dual pipe.
As table 6.3 shows the dual pipe gives a better performance and therefore it was
chosen. It gave also a general feeling of doing a better performance when trying
it outside the measurement series. It could very easily clean vials which had the
particle stuck to the walls. This is due to the pressurized air putting a force on
these particles and then loosening them up and then they would fall down towards
the bottom of the vial and on its way down the suction of the vacuum would get
them out of the vial. Also when using the single pipe the particles tend to end up
in a turbulent flow and never find their way into the vacuum pipe, see illustration in
figure 6.2. This was not the case with the dual pipe where the particles got a more
straight way into the pipe, due to the pressurized air which suppresses the particles
to the height of the vacuum pipe, see the illustration in figure 6.2. The time of
suction in the experiments is a little bit shorter than the time in the production
line, also the particles are bigger than the ones found before inside the vials. This
is because the tests should be somewhat ”worst case” to try out what is the worst
result it would get. When it is going to be installed in the production line the
particles would not be this big and the time and the moving of the vials would be
performed by a cylinder. This would give a more exact position of the pipe inside
the vial and the time of suction would be longer.
6.5 Performance test of dual pipe when using big par-
ticles
This test was done with larger particles then what could be expected inside the vials,
see section 5.1.1. The test was done as previous tests.
6.5.1 Method
The dual pipe was held still by a holder and the vials were moved up and down by
hand. The suction was filmed by a webcam so that later on it could be analysed
and the times of suction could be measured. The video was played with a quarter of
its speed and the time for every suction was taken twice. For the first measurement
series 100 ONS vials was prepared with one plastic piece and one corrugated piece
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of paper. In the second measurement series 30 ONS vials was prepared with three
pieces of plastic and three pieces of corrugated paper initially.
6.5.2 Result and discussion
The first measurement series got a result of 96% of the vials got cleaned. The mean
time and the time of the median was 1.3368 and 1.3375 seconds. This is quite
far from the 2 seconds that would be able for suction in the production line. The
standard deviation was 0.2376 seconds which is quite large. See table 6.4 for full
values.
Figure 6.3: Actual suction time of each suction measured from video of measurement
series with big particles (1 + 1) and a 96% result. The + represents the times that
cleaning of a vial was not successful.
Figure 6.4: Histogram of the measurement series with big particles (1 + 1) and a
96% result.
The times of error were 0.95, 1.125, 1.375 and 1.45 seconds see figure 6.3. The
two first errors were clearly under the mean and median time and the other two were
around the mean and median time. When counting on the probability of having a
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96% result with a 99% confident interval the time is between 1.2744 and 1.3991
seconds [20]. In the second measurement series a 93% result was obtained. It had
a mean and median time of 1.4 and 1.42 seconds but the task was harder. To get
3 + 3 particles inside the vial in the production line would most certainly never
happen. This test was mostly performed to get an idea of how it could handle a
worst case scenario. The times of error were 1.15, 1.3, 1.5, 1.725 and 1.75 seconds,
see figure 6.5. The first two times were below mean and median time while the third
was above and the last two well above the mean and median time. When counting
on the probability of having a 93% result with a 99% confident interval the time
is between 1.3378 and 1.5022 seconds. The interval becomes quite large since the
measurement series only had 30 points [20]. In this case with 3 + 3 particle the
suction time is not the only factor. There could also be a scenario where the first
particle that gets into the vacuum stream and would block the pipe, this would give
a reduced suction. Then the remaining particles inside the vial would not be able to
get into the vacuum system because the reduced suction and then the time would
run out.
Figure 6.5: Actual suction time of each suction measured from video of measurement
series with big particles (3 + 3) and a 93% result. The + represents the times that
cleaning of a vial was not successful.
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Figure 6.6: Histogram of the measurement series with big particles (3 + 3) and a
93% result.
Table 6.4: Statistic values over the measurement with big particles.
6.6 Testing of dual pipe solution
When installing the solution in the production line the time per stroke is 2.8 seconds
in the filling machine. This means that the solution has about 2 seconds for the
suction and the 0.8 seconds is for moving the pipes up and down.
6.6.1 Method
When doing these tests the pipe was held still by a holder and the vial was moved
up and down manually while both vacuum and pressurized air was present. This
was recorded on video to be analysed later on. The pressure of the pressurized air
was 10 kPa and the pressure of the vacuum was -35 kPa. The test was performed
with two measurement series of 100 vials each. The videos of the test were analysed
afterwards to determine the time of suction of each vial. To get an accurate measure
of the suction time the video was played with one quarter of its speed and the time
was taken twice. Then an average was made to get as small measurement error as
possible. The size of particles was smaller than the worst case test, see section 5.1
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6.6.2 Result and discussion
The first measurement series got a result of 96% were cleaned and had a mean time
and a median time of 1.3374 and 1.3 seconds. The spread of the time can be seen
in figure 6.7 with the mean time in the green dots and the histogram in 6.8.
Figure 6.7: Actual suction time of each suction measured from video of measurement
series 1 with a 96% result. The + represents the times that cleaning of a vial was
not successful.
Figure 6.8: Histogram of the measurement series 1 with a 96% result.
When counting on the probability of having a 96% result with a 99% confident
interval the time is between 1.2764 and 1.3984 seconds. The standard deviation of
this measurement series is quite large 0.2198 seconds [20]. When comparing this to
the second measurement series it was shown that the mean time and median time
was 1.6545 and 1.65 seconds. This gave a result of 99%. In figure 6.9 and figure 6.10
is the time of every measurement and a histogram is shown of measurement series
2.
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Figure 6.9: Actual suction time of each suction measured from video of measurement
series 2 with a 99% result. The + represents the times that cleaning of a vial was
not successful.
Figure 6.10: Histogram of the measurement series 2 with a 99% result.
When calculating the probability of having a 99% result with a 99% confident
interval the time is between 1.6154 and 1.6936 seconds. The statistics are displayed
in table 6.5.
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Table 6.5: Statistic values over the measurement of the dual pipe solution.
The meantime of the first measurement series is 0.3171 seconds lower than the
second one. This had a great impact on the cleaning performance and still the
mean time was very short compared to what would be in the production line. When
looking at the histogram the second measurement series is more normally distributed
around its mean time than the first one. This happens because it is very hard to
control the time when moving the vials up and down. But in general the histogram
of the first measurement series shows that there are quite more short times and this
is a big factor why four vials failed. Also the first measurement series had a greater
variance and standard deviation which means the times of the different measurement
differ more than the second one. Also this greater variance would lead to a few of
the measurement becomes a lot shorter and therefore has a greater chance to fail.
The measurements that failed in the first measurement series had a suction time
of 1.1, 1.1, 1.225 and 1.3 seconds and in the second measurement series it was 1.6
seconds. The conclusion of this is that the suction time is very important to the
performance but there are still some other facts that counts as well, like how the
vial is held when doing the suction, how fast it goes to and from the pipe and how
much the static charge would differ between vials.
The holding part and the speed of the vial going up and down would be fixed
when doing the next step of measurement since then the parts for the solution would
be on site and a prototype would be constructed. For the static charged it would
always be some variation between every vial and since the solution works without
using any ionized air to reduce the static charged there would be no measurement
on how much static charged there is.
6.7 Test of Prototype
A prototype of the solution was constructed by the mechanical department of McNeil
AB and the Automation department did the PLC programming for the function of
the CCI cylinder. See figure 6.11
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Figure 6.11: The prototype.
6.7.1 Method
The prototype was tested with 400 vials. Each vial was prepared with one piece of
plastic and one piece of corrugated paper. The Vacuum generator supplied one pipe
with vacuum and the vacuum generator was set to;
• -.999 bar
• normally closed, so there would be no suction without an input signal was
given
• input signal was given manually by the override button on the vacuum gener-
ator.
The function of the PLC had been programmed so that when the end point
sensor gives the signal the cylinder has reached its end position, then a timer is
started. After two seconds the CCI cylinder would start to return to its starting
position. A holding stand had been constructed for the prototype so that the vials
always had the same position. Ten tries were performed when the authors put the
vials in the wrong position so the pipe and the vials would collide.
6.7.2 Result and discussion
In the beginning the idea was that one vacuum generator should supply two dual
pipes with vacuum. After trying this out it was seen that the flow of one vacuum
generator was not enough for two pipes, so instead the vacuum generator only sup-
plied one dual pipe with vacuum. With one vacuum generator for one dual pipe
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the prototype got a 98.75% result, 395 of 400 vials were successfully cleaned. The
five errors contained of only plastic particles. Since the time of suction was fixed
by the PLC programming and the test was of 400 vials, the result of 98,75% can
be expected to be very accurate of what the performance in the filling line would
be. The flow of the Vacuum generator that was used is significant less than the flow
of the main system. During the calculations for the main system it was found that
the flow seamed unnecessary high and it would be preferable to have less flow since
there will be less turbulence in the vial and the use of pressurized air would be less.
Therefore a smaller flow rate was chosen. When the vial and the pipe collided noth-
ing happened to the pipe or the solution. As for the vial, it got stuck on the pipe
and the vial did get damaged as there was a small mark from the pipe. Because of
the marking a the vial was damaged and needs to be replaced so when this happens
the whole filling line needs to be stopped and checked by the operators.
6.8 Final discussion
As the prototype became built and tested out the performance was a little bit better
than the performance of test setup that was used in the beginning. The test series in
the beginning had 96%, 96% and 99% over 100 vials per measurement series. This
gives 291 out of 300 vials were cleaned successfully. A contributing factor to the
prototype got a better result is that the time of suction was longer than the time in
the test series.
The holding of the vial and the speed of the vial moving up and down manually
might also contribute to the performance of the solution. It was seen during the
prototype testing that if the speed of the CCI cylinder was reduced the particles got
a straighter way up into the pipe. If the vial is held differently the flow of air would
become differently inside the vial. Since it was done manually this was very hard
to control. The different sizes of particles were created in a best way possible, since
they were made by the authors it is hard to create them exactly the same size. That
is why the particles were only put in two categories normal sized particles and big
particles. In the end the particles were still very large compared to what could be
expected inside the vials.
6.9 Measurement of airflow profile inside a ONS vial
This measurement was made to get an idea of how the airflow is inside the ONS vial
when doing the cleaning and to see if there is a difference in airflow if the pressurized
air is present or not. Also to confirm the hypothesis from before that the airflow
becomes more less turbulent inside the vial when having pressurized air present.
6.9.1 Method
From the supply of pressure air in the E-house at LTH, which has 7 bars, a Y-
coupling was connected. The first of its outlet went through a filter to the vacuum
generator. The output vacuum was connected via a filter to the inner pipe of the
dual pipe used for suction and the vacuum generator was set to -35 kPa. The second
outlet from the Y-coupling was connected via a 90 degree valve to the outer pipe.
This was then regulated by the 90 degree valve to be 10 kPa in the outer pipe.
When measuring without pressurized air the rubber pipe was simply removed from
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the outer pipe. This is because the vacuum generators output is dependent on what
pressure it has in its input. Since it is not preferable to change the input pressure
the rubber pipe was simply taken away instead of closing the 90 degree valve. If
the 90 degree valve had been closed the pressure into the vacuum generator would
have increased. To see how the airflow goes inside the vial smoke matches, that
produced white smoke, were used. The smoke match was lit and then put inside the
vial and it was there until the vial was full of smoke. When doing the suction of the
vial a high speed camera with 561 fps captured this and the videos were saved to
a computer and later analysed. The background that was used was first white but
later on discovered that a black background would give a better contrast with the
smoke and therefore a better video. See figure 6.12 below for lab setup.
Figure 6.12: Lab setup form measuring airflow profile. A is the dual pipe, B is the
vacuum generator, C is the 90 degree valve, D are the filters, E is the high speed
camera, F is the background and G is the lamp.
6.9.2 Result and discussion
The result of this measurement was that the flow is turbulent inside the vial (which
was already known from the calculations) also the measurement showed that the
airflow would become slightly better when having the pressurized air present. Better
in the sense that the airflow would not be as turbulent in the vial and then the
particles would be suppressed and would end up easier in the inner pipe. This result
confirms the problem from previous tests when trying to do the suction of particles
with no pressurized air present. The particles would just end up in the turbulent
flow and that would take longer time for the particles to find their way into the inner
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pipe. Figure 6.13 shows the turbulent airflow inside a vial when having pressurized
air present. Also shows how the airflow finds its way to the inner pipe.
Figure 6.13: Airflow inside ONS vial with vacuum and pressurized air. [21]
Figure 6.14 shows the airflow with no pressurized air present. This shows that
the airflow is more turbulent than the flow in figure 6.13. At the start of the vacuum
a wave of the air goes down and then up past the vacuum pipe.
Figure 6.14: Airflow inside ONS vial with just vacuum. [21]
This measurement was in general very hard to perform. To get the smoke inside
the vial and keep it there was a challenge since if the smoke was in there for too long
the smoke would condense due to that it got cooled down by the surroundings and
then the vacuum generator would not be able to do the suction of the smoke. Also
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the program that captured the videos sometimes would not work as it supposed to.
If the button ”Start capture” was pressed it did sometime start immediately and
sometime after 30 seconds. This gave videos of when all the smoke was gone and it
was not possible to see the airflow profile. Also the quality of videos shifted, compare
figure 6.13 and figure 6.14. In conclusion the measurement gave some understanding
of the airflow profile inside the ONS vial when doing the cleaning. It also verified
the hypothesis that it is better to have some pressurized air present when doing the
cleaning.
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Chapter 7
Design and ergonomics
7.1 Design of the solution
As the design of the solution is limited to the space of the filling line, the system
cannot be large due to the space. When the purpose of this thesis was only to clean
the ONS then the placement of the cleaning system were at place where it could not
be in the way, see figure 7.2. To get a better view of things a rough 3D-model of
the filling line was made in Google SketchUp [19], see figure 7.1. This 3D-model is
made in real scale in millimetres, take notice that the 3D-model is an approximation
for the understanding of how it is supposed to look and what space there is to work
with. The 3D-model had to get more details when the NNS came into discussion.
After some more observations and measuring at the filling line there were two new
places where the cleaning system could be implemented. The placement of the dual
pipes would be at the same place in both cases. The place was in between the sensors
that sense the presence of the vials and the filling station where there is one spot
left for the CCS. The model of the solution had to be designed in such a way that it
would not be in the way of the operators. At the new designated place the operators
change some format parts between the ONS and the NNS and in between cleaning.
Because of that an idea about a removable or a kind of bending option came to
mind. After some consideration of how everything was connected with wires and
pipes a removable system would not be a good way to solve the problem. A bending
motion of the arm would be the best choice. The first position was thought to be
behind the filling needles and go over and then to be bent away in some direction
were it was not in the way, see figure 7.3. But after some more discussions with both
operators and Ulf Lindvall [22] it was said that it would be inconvenient for the arm
to be unnecessary long and also the operators used most of the space behind for
changes of some parts. The last and final placement of the system would be in front
of the placement of the cleaning needles, see figure 7.4. Even if it is in the way the
system needs to be put somewhere and so Ulf Lindvall said it is better for a less
complex and closer to the area of operation. With that it was decided to be there.
The measurements to make it less in the way the system needed to be built with an
arm that could bend away so that the change of format parts could be feasible.
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Figure 7.1: A rough overview of the filling line. The two solutions are implemented
in this figure. The one on the right is the first design and placement. The one in
the lower left corner is the final design and place.
Figure 7.2: This is the first place and design of the CCS.
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Figure 7.3: This is the design of the model that goes over the filling needles.
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Figure 7.4: This is where the final and last design was placed and what it looked
like.
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7.2 Ergonomics
The ergonomics when implementing a new station in a production line is very im-
portant. Since the operators works in eight hours shift with the filling machine it
is crucial that the solution follows the rules about various rules of safety and er-
gonomics that exists. The International Ergonomics Association defines ergonomics
as follows;
”Ergonomics is the scientific discipline concerned with the understanding of in-
teractions among humans and other elements of a system, and the profession that
applies theory, principles, data and methods to design in order to optimize human
well-being and overall system performance”. [23]
Also according to the Swedish law of workplace environment ”Arbetsmiljo¨lagen”
(AML) [24], the company has to ”prevent accidents, illness and create a good en-
vironment to work in”. So in order to keep this the solution should be in a good
height so the operators can easy access it, no adding of unnecessary noise or heavy
lifts.
Figure 7.5: Good and bad working areas form men and women. [24]
Figure 7.5 above shows what is the good and bad working areas form men and
women. AML states that ”most of the work for one day should be inside the good
working area” [24]. The areas are approximate estimated since every man and
woman has a different height. In general you can say that most of the work standing
up should be in the same height of the elbow and within the length off your underarm.
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Figure 7.6: The cube model. [25]
In general when talking about ergonomics in production lines it is very useful
to use the Cube model [25]. The time is an important aspect when dealing with
ergonomics. First of all it is how often the operators have to move the solution to
change the format parts of the filling machine. Secondly, how much time does it
take to handle the solution? The change would occur monthly since McNeil AB
manufactures ONS seven out of eight weeks and NNS one out of eight weeks there
would be two changes. One change for ONS to NNS and one change for NNS to
ONS. Since this is quite a low frequency this would have low impact on the operators.
The time that it would take to move the solution would be about two minutes. The
operators need to lose all pneumatic nozzles and the power supply and then take
it away or to bend it backwards to make room for changing the wheel. This three
factors would give a volume in the cube. The grater the volume is the worse the
work is for the body of the operator.
The force to be considered is the load on the body when taking away the nozzles
and power supply and moving it or bending it away. The solution in total weight
about 4 kg so the force would not be very heavy on the operators. According to
AML standards if the operators are dealing with this kind of format change each part
should not way more than 7 kg. If the force is too great the time does not matter,
then there would be an immediate injury to their musculoskeletal system. [24]
The posture when doing this change would not be optimal. Since the space is
limited inside the filling machine the operators has to bend over a little bit to be
able to loosen all nozzles and power cable and to be able to move/bend the solution.
The posture would not be bad that it has a risk of worsen the precision when doing
the changes. This would give a rather small volume in the cube and therefore not
be of any harm to the operators.
When it comes to protection of the operators Johnson & Johnson are using a
Zero Access policy [26]. This policy exists to prevent operators from any injury
when dealing with moving part of a machine. The policy is about how big gap there
can be and how far away must the moving part then be. See table 7.1 below.
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Table 7.1: Zero Access Policy, Johnson & Johnson.
Since the solution has a moving part, the cylinder, it has to follow these reg-
ulations as well. The distance between the guarding glass and the cylinder is ap-
proximately 21 cm. The maximum width of gap can then be 3.2 cm. The only gap
present in that area of the filling machine is a 5 mm gap between the protecting glass
and the metal frame. There would be no problem with the Zero Access policy, also
there are already moving parts in that area of the filling machine so the constructor
of the filling machine has thought off this.
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Chapter 8
Documentation
8.1 Risk analysis
When installing a new machine or an addition to a machine a risk analysis must
be performed. The different steps of the analysis are determined by SOP 3833
(Standard Operation Procedure). The risk analysis is performed four times during
an adding or installation to make sure that the risks of failure is reduced. The group
that does this risk analysis are persons that is put together from different parts of
McNeil AB such as Research & Development, Environment Health & Safety, Quality
Operations and Production. Since the solution was quite small the analysis was only
made once and by the authors. For this risk analysis the most important steps were
picked out from the SOP 3833 such as: performance, function, critical moments in
the process and yield. As shown in the result, see figures 8.1 − 8.4, there are a few
risks but all besides one has a total risk of low. According to SOP 3833 when having
the risk low, it is at an acceptable level. If the risk level medium occurs, it is decided
from case to case if it is necessary to do further improvement of the installation or
just leave it as it is. In this case with the ”Particle falls out of filter” a decision
was made to leave it as it is. In figures 8.1 − 8.4 you can see the risk analysis
for the Corvette Cleaning Solution. The P in the figures stands for the probability
of the risk occurring, the C stands for the consequence of that risk occurring and
the D stands for how detectable it is. These three risks would be summed up and
calculated to a total risk. This is then presented in the column of ”Risk”.
Figure 8.1: Risk analysis of Corvette Cleaning Solution.
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Figure 8.2: Risk analysis of Corvette Cleaning Solution.
Figure 8.3: Risk analysis of Corvette Cleaning Solution.
Figure 8.4: Risk analysis of Corvette Cleaning Solution.
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8.2 User Requirement Specifications
When installing new parts to an existing machine or a new machine a URS needs
to be written. This according to McNeil AB SOP 3276. When the URS has been
written tests needs to be performed to evaluate that all of the requirements are ful-
filled. In this case it is such a small installation that the tests and reports would be
done by the authors and then handed to the Validation department for validation
and they would decide if the solution is working properly. The URS contains three
different categories: Performance, Functional and Design requirements. The Perfor-
mance requirements specify what results can be expected from the solution, while
the function requirements specify how it should behave and what signals should
be given to the PLC and the rest of the filling machine. The design requirement
specifies how it could be handled by the operators. The URS for Corvette Cleaning
Solution could be found in table 8.1
Table 8.1: URS for CCS.
The URS are tested according to these criteria’s
• FAT (Factory Acceptance Test). The Factory does internal testing before
delivering the system to McNeil AB. Since the solution is produced on site
this test would not be performed.
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• IQ (Installation Qualification). The installation is delivered and installed ac-
cording to URS, GMP demands and documentation demands.
• OQ (Operating Qualification). The installation is working accordingly to URS,
GMP and documented correctly.
• PQ (Performance Qualification). The performance is according to URS and
verified during its normal circumstances.
• Documentation. Make sure that all the tests are documented correctly.
• SAT (Site Acceptance Test). After FAT, IQ, OQ, PQ and Documentation is
done a SAT is performed. This would determine if the result of the previous
testing is accordingly to URS and the documentation is done properly. If the
result is not according to URS a decision whether to rebuild it or not would
be taken.
8.3 Flowchart
When installing the Corvette Cleaning Solution in the filling machine some PLC
programming would be done by the department Electrical and Automation at site
Helsingborg McNeil AB. Since the PLC code for the solution would be connected
with the already existing system of PLC three flowcharts were made to describe the
cycle of Corvette Cleaning Solution. In figure 8.5 the main flowchart is presented.
This is the overall function of the solution. In figure 8.6 a flowchart of the check if
the pipe collided with the vial and in figure 8.7 a flowchart of checking if there is a
particle stuck inside the pipe.
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Figure 8.5: Main flowchart for Corvette Cleaning Solution.
The solution receives a signal from the vial present-sensor, which is placed just
before the solution in the filling machine, that a vial is present in the puck, it is a
vial-holder to fold the vial upright. The next step is to get signals from the pressure
sensor for vacuum and the point of use filter that both pressures are in the range of
acceptable level. This would trigger the cylinder and it would start to go down. On
its way down it would check if there is a collision with the vial. This is described
in figure 8.6. When the cylinder has reached its end position it would stay there for
two seconds. This is when the cleaning takes place. While the cleaning is in process
a check if a particle gets stuck is running simultaneously see figure 8.7.
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Figure 8.6: Collision between pipe and vial flowchart.
To check if there is a collision with the vial the PLC would wait 0.3 seconds from
the time of receiving the signal from the first sensor. If the time is more than 0.3
seconds a collision has occurred and the cylinder would move up to its initial position
and the filling machine would stop. Because if there is a collision the cylinder would
never reach its end point and a signal from the second sensor would never be given.
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Figure 8.7: Flowchart for checking if particle is stuck inside pipe.
When a particle gets stuck inside the pipe the pressure would increase. The
pressure would also increase for when a particle is going through the vacuum system.
To differentiate these two a count variable has been introduced. This variable would
get increased every time the pressure is larger than the threshold. If this variable is
larger than five then an assumption is made that there is a particle stuck and the
solution would give a signal to the PLC and the filling machine would stop.
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Chapter 9
Suggestion for future
changes/improvements
9.1 Particle detection
An improvement of the CCS would be if there was a system which could detect if
a particle were present in the vial. This would not be implemented by the authors
but a prototype was built and tested out. In figure 9.1 the design of the system
is shown. To measure if there was a detectable signal an analogue oscilloscope was
connected over the load, RL.
Figure 9.1: Schematic design of particle detection.
The photodiode that was used was a BPW 34 with 850 nm peak wavelength
and the IR diode had a wavelength of 950 nm. The signal that was given from
the photodiode when there were no particle between IR diode and photodiode was
700 mV and when there was a particle it dropped to 300 mV. The signal dropped
since there was a particle blocking the transmission of light to the photodiode. The
output signal from the photodiode was then amplified by a non-inverting OP-amp
circuit. The gain of this circuit were 1+R2/R1 = 11. The output from the OP-amp
circuit over RL were 5 V when having no particle between the diodes and 3 V when
having a particle between. Testing with both having the photodiode and IR diode
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180 degrees and 90 degrees opposite each other. The results of this showed that it
was better with 180 degrees.
When testing if it was able to detect a particle passing the diodes when a particle
was dropped through a plastic pipe. The pipe had an inner diameter of 9 mm and
the particles that were dropped had a size about 5x3mm2 of corrugated paper, glue
and plastic pieces. Since the speed of the particle would be faster if implemented in
the CCS it would become harder to detect a change in the signal by eye. A solution
for this could be to connect the output signal and a +5 V signal to a NAND-gate.
See figure 9.2 below.
Figure 9.2: Particle detection with NAND-gate.
The output of the NAND-gate could be a LED diode at first to try out that
it really works but in the final stage when putting it in to the production line the
output should go to the main PLC so the system would be aware of the fact that
there was a particle that was being cleaned up.
9.2 Guider
To be able to use the solution in production there needs to a ”guider” which holds
down the vial while the vials get cleaned. Otherwise the vacuum would be able to
lift up the vials when the cylinder gets back up into starting position. The guider
would also position the vials in a more accurate and stable position when the dual
pipe enters the vial.
9.3 Padding
A theory that was not tested out was to have a padding on the outer pipe of the
dual pipe to be able to close the gap between vial and dual pipe to be able to make
the effect of the suction of particles faster and with lesser chance to fail.
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Chapter 10
Discussion
The master thesis has given a good experience and more knowledge about problem
solving. The solution has come a long way and it is a bit sad to not be able to
implement the solution and to see it in production. Why was it not implemented?
Well, the master thesis was evolving all the way through the process of the solving the
problem. With Dirk Go¨ring as Head of Production at McNeil AB always challenging
to go as far as possible with the thesis. Taking the master thesis to a new level from
being a solution for the problem to build the prototype to implement the solution
into the production line. At the phase of making the prototype there was a bit of
a crisis at work and every resource of the company had to fix that problem and the
prototype was not prioritized. At the last week of the master thesis the prototype
was built and the most vital functions of the prototype were tested. This shows
however that the most important function, the cleaning, works as it is supposed to.
The programming that is left to do affects the solutions ability to detect error within
itself.
As the URS was created it was easy to start developing test routines for the
solution. In the end when the solution is going to be implemented in the filling
line its necessary for the validation to have an URS to test the performance and
behaviour. The risk analysis was also a step in implement the solution to see what
could go wrong and how to avoid that anything went wrong.
The testing out of the solution has taken a lot of time and the authors have
spent many days inside the clean zone to see what would be the optimum solution.
In the beginning it was very hard to estimate how the holding of a vial would affect
the performance of the solution and how the speed of up and down motion with the
vial would affect it. As the prototype was built it turned out that the holding and
the speed of the vial going up and down did not have any significant effect. The
result of the performance became slightly better.
The GMP requirements have also affected the work that has been done. Since
the goal was from the beginning to implement the solution into the filling line all
necessary documents had been written with care. At this stage the solution is ready
for installation and validation.
All in all the experience with McNeil AB has been truly great. The support from
our co-workers and supervisor has been good and it has been easy to post questions
and share knowledge with them. Our supervisor at Lunds Tekniska Ho¨gskola, Johan
Nilsson, has also contributed with ideas on how to solve the problem and test the
solution.
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